Research (EDGAR v4.3.2) compiles gaseous and particulate air pollutant emissions, making use of the same anthropogenic sectors, time period and international activity data as used for estimating GHG emissions as described in a companion paper . All human activities, except large scale biomass burning and land use, land-use change and forestry, are included in the emissions calculation. The bottom-up compilation 20 methodology of sector-specific emissions was applied consistently for all world countries, providing methodological transparency and comparability between countries. In addition to the activity data used to estimate GHG emissions, air pollutant emissions are determined by the process technology and end-of-pipe emission reduction abatements. Region-specific emission factors and abatement measures were selected from recent scientific available 25 literature and reports. Compared to previous versions of EDGAR, the EDGAR v4.3.2 dataset covers all gaseous and particulate air pollutants, has extended time series and has been evaluated with QC/QA procedures both for the emission time series (e.g. PM mass balance, gap-filling for missing data, split-up of countries over time, etc.) and gridmaps (full coverage of the world, complete mapping of EDGAR emissions with sector-specific proxies, 30 etc.). This publication focuses on the gaseous air pollutants of CO, NOx, SO2, total NMVOC and NH3 and on the aerosols PM10, PM2.5, BC and OC. Considering the 1970-2012 time period, global emissions of SO2 increased from 99 to 103 Tg, CO from 441 to 562 Tg, NOx from 68 to 122 Tg, NMVOC from 119 to 170 Tg, NH3 from 25 to 59 Tg, PM10 from 37 to 65 Tg, PM2.5 from 24 to 41 Tg, BC from 2.7 to 4.5 Tg and OC from 9 to 11 Tg. We present the 35 country-specific emission totals and analyse the larger emitting countries (including the European Union), to provide insights on major sector contributions. In addition, per capita and Earth Syst. Sci. Data Discuss., https://doi
Introduction 25
Air pollutant emissions represent a major concern for air quality (Monks et al., 2009) , climate impacts (Anenmber et al., 2012; IPCC, 2013) , health (WHO, 2016) and environmental effects (van Dingenen et al., 2009 ) and visibility (Wang et al., 2012) . The first international treaty dealing with air quality was the UNECE Convention on Long-Range Transboundary Air Pollution (CLRTAP) which entered into force in 1979 with focus on global, regional and local 30 air quality issues and acid rain (https://www.unece.org). Atmospheric pollutants can be emitted as gaseous compounds, e.g. SO2, NOx, CO, NMVOC (non-methane volatile organic compounds), NH3, etc., or as particles with different size and composition, e.g. particulate matter with diameter less than 10, 2.5 and 1 µm (PM10, PM2.5 and PM1, respectively), black carbon (BC) and organic carbon (OC). These pollutants can be directly injected in the 35 atmosphere by anthropogenic or natural sources (primary emissions) or they can form through secondary chemical-physical processes (secondary components). The aforementioned gaseous compounds consists of primary pollutants together with primarily emitted particulate matter, while the secondary components mainly include secondary organic (SOA) and inorganic aerosols (e.g. ammonium nitrates and ammonium sulphates) and ozone (O3) (Seinfeld and 40 Pandis, 2006) . In addition, air pollutants can be transported far away from source regions depending on the pollutants life time, reactivity, as well as meteorological dynamics (Maas et Earth Syst. Sci. Data Discuss., https://doi.org/10.5194/essd-2018-31 al., 2016) . Air pollution sources impact air quality at local, regional and global scales (HTAP, 2010) . Moreover, despite regional variations, air pollution is also a ubiquitous problem with to a large extent common solutions between regions. To tackle these regional and global aspects, global emission inventories coupled to chemical transport models (CTMs) are useful tools, complementing air pollution measurements which provide information on local and regional 5 air quality impacts. In the latest years several global emission inventories have been developed, such as the one of Lamarque et al. (2010) , the MACCity by Granier et al. (2011) , the one documented by Klimont et al. (2013) for SO2, the HTAP_v2.2 by Janssens-Maenhout et al. (2015) , the Community Emission Data System (CEDS) by Hoesly et al. (2017) and the GAINS-based inventory named ECLIPSEV5a by Klimont et al. (2017) for particulate matter. 10
The EDGAR database (Emissions Database for Global Atmospheric Research) is a bottom-up global database providing historic emission time series and gridmaps for all countries from 1970 till nowadays for both air pollutants and greenhouse gases calculated in a consistent and transparent way and therefore allowing comparability amongst countries. The work presented here is complementary to the study on the greenhouse gases by Janssens-Maenhout et al. 15 (2017) and aims at the documenting the new EDGAR v4.3.2 version with focus on the gaseous air pollutants (SO2, NOx, CO, NMVOC and NH3) and on the aerosols (PM10, PM2.5 distinguishing between the bio and fossil components, BC (to be interpreted as EC) and OC). The purpose of this publication is to document the methodology and the data availability of the EDGAR v4.3.2 air pollutants release. A huge amount of information is included in this 20 release, covering 42 years data, 26 aggregated emission sectors, 226 countries and 9 substances. In addition, emissions are represented both as time series and emission gridmaps.
A detailed analysis of all driving data, trends and peculiarities of this dataset is beyond the scope of this work, Instead we focus on presenting the key-outcomes of regional and global emissions and their temporal trends. We also provide an analysis of some key-futures of the 25 large amount of information available at grid cell level, such as the sector relative contribution or the emission change over time of the different pollutants and sectors, which warrant further analysis by modelling and satellite communities. In addition we examine for countries and sector the per capita and per GDP emissions, implied emission factors, etc. to analyse regional differences in equity and efficiency. In Sect. 2 we describe the EDGAR methodology, in 30 addition to the extensive documentation provided in the companion paper on GHGs ; then in Sect. 3, we show the global trends and the comparison with other global inventories, such as HTAP v2.2 and CEDS revealing insights on the causes of uncertainty and the impact of data revisions. Compared to the previous EDGAR v4.3.1 release, the current EDGAR v4.3.2 dataset covers a longer time series (1970-2012 vs. 35 1970-2010) , some updates in the activity data and emission factors, full quality assurance and quality check procedure implementation, but it covers the same pollutants and it relies on the same proxy data as used in v4.3.1 (Crippa et al., 2016a) . In Sect. 4 we present implied emission factors (apparent EFs per unit of production or energy consumption), per capita and per GDP emissions, as well as country-specific emission totals amongst world countries. We 40 also analyse the variations of several large emitting countries and the EU in more depth, to provide insights on the main sectors contributing to the emissions of each pollutant. Finally, in Sections 5 and 6 we discuss the sector-specific relative composition at gridcell level and analyse the emission ratios of CO/CO2, NOx/CO2 and SO2/CO2 by sector, region and time, providing useful information for the measurements community. In addition we provide sectorspecific emission shares calculated at gridcell level with 0.1x0.1 resolution allowing the retrieval of sectorial information from the total column measurements of each pollutant. Data are presented online for each source category with annual and monthly global emissions 5 gridmaps at 0.1x0.1 resolution. All data can be freely accessed via the EDGAR website http://edgar.jrc.ec.europa.eu/overview.php?v=432_AP&SECURE=123 and they are registered under DOI: https://data.europa.eu/doi/10.2904/JRC_DATASET_EDGAR.
Methods

Methodology of the bottom-up emission inventory compilation and distribution 10
The EDGAR v4.3.2 air pollutant dataset incorporates a full differentiation of emission processes with technology-specific emission factors and additional end-of-pipe abatement measures, which are more relevant for air pollutants than for greenhouse gases. The definition of the anthropogenic emission sectors was kept identical to the ones used for the EDGAR v4.3.2 GHG dataset , based on the IPCC (1996) guidelines, 15 for which the conversion to the Selected Nomenclature for Sources of Air Pollution (SNAP) categories used by TFEIP and the parties of the LRTAP is unambiguously given 1 . The same time period and the same international activity data as for the GHGs are also used for consistency. The equation for GHG emissions is modified by a factor f that specifies the components of each pollutant, e.g. gaseous NMVOCs (Huang et al., 2017; 20 http://edgar.jrc.ec.europa.eu/overview.php?v=432_VOC_spec), particulate OC, NOx (sum of NO and NO2), etc.:
with emissions (EM) from a given sector i in a country C accumulated during a year t for a chemical compound x with the country-specific activity data (AD), quantifying the human 25 activity for sector i, with the mix of j technologies (TECH) and with the mix of k (end-ofpipe) abatement measures (EOP) installed with share k for each technology j, and with the uncontrolled emission factor (EF) for each sector i and technology j with relative reduction (RED) by abatement measure k. As discussed in the next section, the uncontrolled emission factors and abatement measures were applied at Tier1 to Tier3 level depending on the 30 anthropogenic sector.
Most emissions are computed using international activity data from IEA (2014), FAOSTAT (2016a FAOSTAT ( , 2016b , USGS (2014 , UN STATS (2014 , UNFCCC (2014 , similar to the GHG emission dataset described by and references therein For the spatial and temporal distribution of the sector-specific emission totals of a substance x 10 for a country C in the year t (monthly) and space (on 0.1x0.1 grids, defined with bottom-left corner for each cell) the same allocation algorithm and proxy datasets used for the GHG dataset of are applied (Table S4a of the aforementioned paper is also reported in Table S7 of the supplementary material). The temporal profiles and the geospatial proxy data are described in Sections 2.4 and 2.5 of Janssens-Maenhout et al. 15 (2017) , respectively. In the following, we will describe our results looking at aggregated sectors: energy (power generation sector), industry (including industrial combustion, production of chemicals, non-metallic minerals, non-ferrous metals, iron and steel, solvents, food, paper, non-energy use of fuels, fuel production and transformation, refineries and fossil fuel fires), transport (including both road and non-road transport), residential (including both 20 domestic combustion and waste disposal), agriculture (including agricultural soils, agricultural waste burning and manure management).
Data sources to model the technology-based emission processes
The emissions cover all human-induced activities, except large scale biomass burning and activities of land use, land-use change and forestry from 1970-2012. The bottom-up 25 compilation of sector-specific emissions was applied consistently for all world countries, providing methodological transparency and comparability amongst countries. In addition to the activity data, the air pollutant emissions are determined by the technology and end-of-pipe abatements (contrary to GHGs). Region-specific emission factors and abatement measures were selected from latest available literature and available recent knowledge. Section S4 of 30 the supplementary materials provides an overview of the technologies and abatements implemented in EDGAR v4.3.2 for all sectors. Combustion technologies, combustion temperatures and the end-of-pipe measures determine the amount of air pollutants emitted and are modelled separately for stationary and mobile combustion sources. Under the latter, the road transport sector is modelled with pre-EURO till EURO 5 standards, US Tier 1 till Tier 3 35 standards and described in detail in Crippa et al. (2016b) , whereas the aviation sector is modelled following Eyers et al. (2005) and the shipping sector follows Dalsoeren et al.
The stationary combustion sector includes small, medium large boilers for gas/liquid fuels, internal combustion engines, gas turbines, fluidized bed, grate firing, and pulverized coal dry 40 bottom boilers. Country-specific shares of the technologies are taken from the UCI Platts in particular to coal-related ones. SOx reduction measures of 50% by non-regenerative-dry (dry FGD) and SOx reduction of 90% by non-regenerative semidry, non-regenerative wet (wet flue gas desulfurization (FGD)) and regenerative SOxNOx are also included. Concerning NOx reduction measures, 30% reduction is assumed for low-NOx burners, low excess air, air staging in furnace, flue gas recirculation -in furnace, reduced air preheat, fuel staging, a 25 reduction of 60% for selective catalytic reduction, and of 90% for selective catalytic reduction combined with combustion modification; NOx reduction from 30% to 90% is obtained by selective non-catalytic reduction and of 90% by SOxNOx combined measures. For these point sources, data from the EPRTRv4.2 has been consulted as well as the reported specifications under the large combustion directive. 30
For the transport sector, a description is given by Crippa et al. (2016b) . We did not consider cold starts, superemitting vehicles, resuspension of road dust and brake and tyre wear. In addition, we did use the recommended EF factors for NOx from test benches instead of from real driving mode measurements. This explains the expected underestimation (with almost factor 2) of the PM2.5 emissions and of the NOx emissions. For the residential sector, we used 35 generic data of few national statistics on e.g. the combustion technology used in the given country, which was also inherited for neighbouring countries in case data was missing.
The data sources for the management systems applied for coal mining (surface or underground, with or without recovery), the technologies for iron & steel production (open hearth furnace, blast oxygen furnace, electric arc furnace), and for the Aluminium smelters 40 (Prebake or Soederberg types), from high to low pressure technologies for the nitric acid production, and the different sewing types for domestic and industrial wastewater treatment and all industrial processes), transport (including both road transport and non-road transport), residential (small scale combustion and waste treatment) and agriculture. In 1970, SO2 emissions were mainly occurring over USA (26 kton) and Europe (28 kton) from the energy, industry and residential sectors, while in 2012 the major emitters were China (32 kton) and India (12 kton) due to the combustion of coal related fuels both in power and non-power 25 industry, in addition to USA (8.2 kton) and Europe (6.6 kton). CO emissions in 1970 were dominated by the contribution of USA (100 kton), Europe (68 kton) and China (54 kton) from the incomplete combustion occurring mainly in the transport and residential sectors, while in 2012 the top emitters were the emerging economies of China (120 kton), Africa (88 kton), India (87 kton) and Latin America (73kton) mainly due to the contribution of household 30 combustion, industrial activities and partly from agricultural waste burning (mainly in Latin America and India). Differently from CO, NOx emissions result from high-temperature temperature combustion processes, so they are also emitted by power plants and by the transport sector. In 1970, top emitting regions were USA (19 kton) and Europe (14 kton), while in 2012 they were China (30 kton), India (11 kton), Latin America (9.7 kton) and Africa 35 (5.5 kton). Emissions from USA and Europe were slightly decreasing over the considered time period. Finally, PM2.5 and the other aerosol components are emitted mainly by smallscale combustion and agricultural waste burning activities. In 1970, both industrialized countries like USA (2.6 kton) and EU (3.6 kton) and emerging economies (China -4.7 kton, India -3.0 kton), Africa (2.4 kton)) represented the top emitting regions, while in 2012 a 40 Earth Syst. Sci. Data Discuss., https://doi.org/10.5194/essd-2018-31 significant increasing trend is found mainly for Africa (up to 7.4 kton), India (up to 5.7 kton) and Latin America (up to 3.9 kton). A decreasing trend is estimated for all the other regions, in particular for Europe (1.5 kton), USA (1.3 kton) and China (1.2 kton) reaching less than half of the corresponding 1970 PM2.5 emissions. (Klimont et al., 2017) , the one of Lamarque et al. (2010) and Klimont et al. (2013) . Note that not all global inventories cover all pollutants and time series. The 15 comparison of different emission inventories allows us to explore the range of global emission estimates and to identify for which pollutants the emissions show larger discrepancies. For the aerosols, a region-and sector-specific comparison between EDGAR v4.3.2 and ECLIPSEv5a is provided in the Supplementary (Sect. 1.1) showing a high agreement for PM10 (within few percent also at regional level) and less good agreement for the other aerosol components. 20 Comparing global totals, we find 1% deviation for PM10, 12% for PM2.5, 17% for OC and 43% for BC (mainly due to the likely underestimation of the EDGAR v4.3.2 emissions compared to the ECLIPSEV5a of coal combustion in residential activities in China and India). Rather good agreement for the top emitting regions is found, while larger discrepancies are calculated for low emitting countries. Part of the discrepancies between ECLIPSEV5a and 25 EDGAR v4.3.2 can be explained by not accounting for non-commercially sold fuels, such as diesel to run communication towers in India (Klimont et al., 2017) or coal and rubbish (Klimont et al., 2017; Bond et al., 2007) , and wood, wood waste and pellets (Denier van der Gon et al., 2015) . Because of the global coverage and the lack local information on super emitters (in particular super emitting vehicles, cold starts), the particulate emissions of 30 EDGAR v4.3.2 are known to miss for some countries the 10% highly polluting activities with 10 times larger PM2.5 emission factor (Klimont et al., 2017 and references therein). The differences between the different EDGAR versions can be explained by data updates (e.g. activity data as discussed online for the difference between v4.2 and v4.1, EFs for SO2, PM and NMVOC, the latter documented Huang et al. 2017) , technologies and abatements). The 35 two most recent EDGAR releases, v4.3.1 and v4.3.2, converge for almost all sources, except for the biofuel consumption in the residential sector for which the IEA activity data was known to have changed method (towards higher Tier) relying on comparable activity data. A significant update has also been made for the ferroalloys production sector, production of chemicals, production of fuels, residential sector and solid waste, mainly affecting CO 40 emissions. The Lamarque et al. (2010) 
with the standard deviations  of the activity, technology, end-of-pipe data, emission factors and reduction factors for each pollutant x and country C.
Based on the assumption of lognormal distribution of the calculated uncertainties (Bond et al., 2004) Bond et al (2004) reporting a factor of 2 for the uncertainty of the organic components. As discussed earlier, higher uncertainties in PM emissions might come from super emitting vehicles which are not considered in this study. Therefore, the error band range presented by Klimont et al. 30 (2017) for these components is much wider than what we find in our work. due to the high uncertainty In general, the emission uncertainty is reducing over time for industrialized countries (e.g. SO2, CO, PM2.5 for USA and EU28 and to a minor extent also NOx), while the uncertainty band is larger for China and developing countries in particular due to the larger contribution of highly uncertain sector. We note that our uncertainty analysis using the 35 relative values only estimate the uncertainty on the estimated part of the emissions and does not account for the missing superemitting part. In the case of PM our uncertainty band might be a factor 2 underestimated. The uncertainty estimates shown in Fig. 6 as well as in Tables S4 and Fig. S1 .4 are strongly determined by the relative contribution of each anthropogenic sector over time to the total emissions of a certain region, therefore we do not always observe a decreasing trend in the corresponding overall component uncertainty. For example, the uncertainty of NH3 emissions in China (Fig. S1 .4) is growing with a faster rate compared to the corresponding emissions, 5 due to the very large uncertainty of the agricultural sector (use of feritlizers) and manure management whose contribution represented 69 % of total Chinese emissions in 1970 and 97% in 2012. Similarly, the uncertainty band of OC emissions in China (Fig. S1 .4) shows a larger increase from 1985 to 1992 compared to the corresponding emissions due to the larger share of the residential combustion of biomass and coal emissions during those years which 10 are very uncertain.
Emission metrics: implied emission factors, per capita and per GDP emissions 4.1Evaluation of implied emission factors
Implied emission factors can be used as a metric of emission intensity of anthropogenic activities for each country and they have been calculated following the methodology by 15 Janssens-Maenhout et al. (2015) . Figure 7 shows the implied emission factors calculated for aggregated emission sectors (as defined in Sect. 2.1), namely "energy", "industry", "residential", "transport" and "agriculture" from the EDGAR v4.3.2 database. Box plot statistics (10°, 25°, 50°, 75° and 90° percentiles) represent the variability amongst countries of the implied EFs in 2010 (2010 has been chosen for comparability with the HTAP_v2.2 20 inventory). The variability across countries is also investigated with the representation of the median implied EFs for low-income (LIC) and high-income (HIC) countries, showing for all pollutants and sectors much higher implied EFs for LIC than for HIC. The comparison with the corresponding implied EFs obtained for the HTAP_v2.2 emission data is also reported (refer to Janssens-Maenhout et al., 2015) showing rather good agreement with the exception 25 of the industrial sector for most of the pollutants and the agricultural sector for NH3 due to different emissions and activity data used for these two emission inventories. The highest implied EFs for most of the pollutants emitted in the energy sector are found in developing regions, such as Africa, Latin America, Indonesia, India, but also Central Asia and Middle East, while lower values are observed for industrialized countries (USA, Europe, Japan), Korea and China. A different picture emerges for the industrial and transport sectors, where in addition to the aforementioned regions, also in China very high implied EFs are 35 computed. On the contrary, the implied EFs for NH3 related with the emissions of the transport sector are larger for USA, Oceania, Canada, Korea and Japan due to the deployment of gasoline vehicles equipped with NOx reduction catalysts (producing N2 and some other nitrogen components such as NH3) and oxidize CO and unburned hydrocarbons (HC) to CO2 and H2O. The residential sector shows the smallest range of variation of the implied most of the gaseous pollutants, due to the fact that less controls are applied both on the fuel used and combustion temperature (although industrialized countries have in general lower CO emission factors due to the deployment of burners with higher combustion efficiency). Despite of the low range in EFs, we should bear in mind that PM emission factors for the residential sector are the highest compared to all other activities, with the exception of some 5 industrialized countries where the implementation of particulate filters on the stoves could have reduced significantly PM emissions.
For 1970-2012, the implied EFs were mostly decreasing. The implied EF for SO2 for energy activities decreased on average by ca 60%, with a range of variation between 4 and 93% depending on the region. They ranged between 0.94 and 0.1 ton/TJ for OECD Europe, 10 between 0.97 and 0.6 ton/TJ for Central Europe, between 1.1 and 0.25 ton/TJ for USA and between 1.03 and 0.23 ton/TJ for China. On the global average, NOx implied EFs were decreasing from 1970 to 2012 with a smaller rate compared to SO2 and by ca 30%. The residential sector is characterized by rather stable implied EFs (both for CO and the aerosol components), showing an average decrease of 30% for CO and 35% for PM2.5. Africa, and 15 other developing regions, show negligible variation in implied EFs over time due to the enhanced contribution of residential activities and higher emissions from biomass combustion. The implied EFs for the road transport sector were strongly decreasing for NOx and CO in particular in industrialized countries from 1970 to 2012 with a global average decrease of 37% for NOx and 67% for CO. The implied EFs for CO for the road transport 20 sector varied over time from 7.7 to 1.7 ton/TJ for USA, from 8.8 to 0.4 ton/TJ for OECD Europe, from 7.2 to 0.9 ton/TJ for Central Europe and from 16 to 1.9 ton/TJ for China.
Evaluation of per capita and per GDP emissions for different groups of countries
In order to compare countries with differing degree of development and population, 2010 per 25 capita emissions (Fig. 8) development. On the contrary particulate matter per capita emissions are higher for low and low middle compared to high income countries due to the lack of air pollution control equipment such as particulate filters and electrostatic precipitators together with the larger deployment of biomass based fuel, leading to high uncontrolled PM emissions mainly for household purposes. Among all air pollutants, CO shows the highest per GDP emissions and 40 the largest variation over all countries reflecting the degree of economic activity in the world. Similarly to the per capita emissions, industrialized countries have lower per GDP emissions of PM, while China, India and emerging/developing countries (Table S3) show the highest PM per GDP emissions due to the deployment of less clean technologies.
Ratios of co-emitted species 5
Combustion processes emit not only CO2, but also a variety of other air pollutants, like NOx, CO, SO2 and PM. Depending on the fuel type, combustion technology and process, abatement measures, etc., source related emission ratios of co-emitted species are measured. In particular, very local combustion sources could alter the background concentrations of CO2 and other pollutants and an analysis of the changes of the relative abundances of such 10 pollutants could indicate and quantify the type of sources present in a certain area, when using the appropriate spatial resolution. Large scale events, such as fires can be distinguished using NO2 and CO in addition to CO2, as shown by Silva et al. (2017) . These fire emissions are not included in our database. For smaller scale sources and point sources, high spatial resolution and plume modeling is needed to isolate the single sources, as shown by Nassar et al. (2017) 15 in the case of a power plant. EDGAR does not have this high resolution, but the emission factors for the single multi-pollutant sources are available with the implied emission factors and the locations of the point sources for e.g. the energy sector is available in the sectorspecific gridmap.
The EDGAR inventory provides estimates of co-emitted pollutants in addition to the 20 greenhouse gases; however, as discussed in Sect. 3, even emissions from combustion processes are often poorly characterized in particular in developing regions due to scarce information on fuel consumed, deployed technologies and applied abatement measures. In order to better constrain emission inventories estimates, ground-based and satellite measurements can partly complement the information related with combustion emissions. For 25 example, Silva et al. (2017) focus their study on satellite observations of CO2, NO2 and CO emitted by combustion sources and show that the analysis of co-emitted species could provide constraints on emission inventories, and be useful in monitoring trends and understanding regional-scale combustion processes. Due to the global coverage, historical time series and consistent emission estimates for both greenhouse gases and air pollutants and world 30 countries, the EDGAR emissions of CO2 and co-emitted pollutants could be coupled with the information retrieved by satellite measurements. The work by Streets et al. (2013) provide an overview on the current capabilities and limitations of satellite observations to measure air pollutant emissions such as SO2, NOx, CO, NMVOC, NH3, PM, CH4 and CO2 as well as the methodology behind their emission estimation. Several other studies analyse satellite 35 retrievals of emission ratios of co-emitted pollutants to identify multi-pollutant sources and possible proxies to estimate from e.g. CO2 emissions the emissions of other compounds (Konovalov et al., 2016; Fioletov et al., 2017; Geng et al., 2017) .
In this section, we analyse the emission ratios of co-emitted pollutants as provided by the EDGAR database (this calculation is not performed at gridcell level but considering the 40 technology based emission factors and activities). These emission ratios are determined by the type of fuel and the technology and as such differ by region (Fig. 10) . Emission ratios of coemitted species are strongly dependent on human activities and technologies in the emitting sector, which also change over time. In general we find lower emission ratios of each species to CO2, as well as a smaller range of variation, in 2012 than in 1970 for most of the sectors (see also Fig. 11 ), because of a decoupling of air pollutant emissions from energy production 5 due to global development towards clean air technologies. The global emission ratios of NOx/CO2 (and NOx/CO) are the highest for the power generation sector, due to the high combustion temperatures producing high levels of NOx and low CO, as shown in Fig. 11 . The NOx/CO2 overall emission ratio in Mexico shows an increasing trend because of the corresponding increasing ratios of the transport and residential sectors (see Figs. 13 and 14) . 10
The CO/CO2 emission ratio is the highest for the road transport and partly the residential sectors (both in 1970 and 2012) due to the low efficient combustion of vehicles and small scale combustion activities compared to power plants. The spike observed for Indonesia in 1990 is partly artificial and related with the contribution of industrial combustion activities, which were not estimated for earlier years. The SO2/CO2 emission ratio shows the largest 15 decrease from 1970 to 2012 in particular affecting the power generation sector, due to the implementation of international conventions (e.g. CLRTAP) regulating acidifying gases and air quality together with regulations on the sulphur content of the fuels. The PM10/CO2 emission ratio is the largest for the residential sector due to the scarce implementation of abatement measures, lack of strict regulations, low quality fuels used for household purposes 20 and often inefficient combustion processes.
The analysis of the power generation ("Energy") sector (Fig. S3a) for different countries reveals mainly decreasing trends for the NOx/CO ratios but there is no generic trend for the ratio of CO, NOx and SO2 over CO2. The largest reductions over time are computed for the SO2/CO2 ratios for developed countries, in particular those with a fuel shift from coal to gas, 25 such as OECD-Europe but also USA and Russia. Decreases in NOx/CO2 ratios are present in many countries, OECD Europe, USA, Japan, Korea but also Mexico, Northern Africa, Southeastern Asia and China, reflecting the penetration of low-NOx burners. NOx/CO2 and CO/CO2 ratios are high and increasing till the year 2000 when they reach a plateau for least developed regions, such as Eastern Africa and Rest Central America. Our analysis of the 30 transport sector (Fig. S3b ) shows large differences between 1970 and 2012 due to a large penetration of clean air technologies, where the CO and NOx emission factors have been decreasing considerably with the penetration of the vehicle emission standards, contrary to the CO2 emission factor. The degree of regional development towards environmentally enhanced vehicles is directly reflected in the graphs of Fig. 13 showing a strong decrease for the 35 CO/CO2 ratio in developed regions, while China is showing an accelerated decrease since the 2000s. Even though the residential sector is not expected to show the same penetration of clean air technologies as the transport sector, large decreases of the CO/CO2 ratios over time are generally calculated for almost all world regions. In particular SO2/CO2 ratios have decreased due to changes in the type of fuel used, most strongly in USA, Europe, Russia and 40 Japan but also in China. However, contrary to CO/CO2, the NOx/CO2 ratios did not show large improvements, which yielded also to the increases in NOx/CO, as presented in Fig. S3c . Gridded emissions represent an asset of the EDGAR database widely used by the scientific air quality and climate modeling communities. As mentioned in the introduction, in this section we do not analyze all the detailed information included within each gridmap 5 (EDGAR comprises 42 years of gridmaps for 26 aggregated sectors and 9 substances), but rather try to inform the users about the type of information included in the gridded emissions and suggesting possible use of such data and analysis. In order to particularly address the satellite community, in the following we will focus on the emissions of the latest 5 years available in EDGAR v4. 3.2 (2007-2012) , investigating i) the possibility to 10 use emission sector shares at gridcell level (Sect. 6.1) to retrieve from total column measurements the sector composition of the emissions and ii) the evolution of high emitting areas over time and space (hot spots evolution, Sect. 6.2). We selected a time period of 5 years because of detectable emissions trends and consistency of the EDGAR proxy data over that time frame. 15
Gridded emission sector shares
In the perspective of providing more insights on the composition of the total emissions and source decomposition within a single gridcell, the EDGAR v4.3.2 provides also the emission sector shares at gridcell level as NetCDF files at the http://edgar.jrc.ec.europa.eu/overview.php?v=432_AP&SECURE=123. Emission shares of 20 each sector in total emissions are calculated for 2012 for each pollutant (NOx, CO, SO2, PM2.5) and for CO2 as reference proxy for activity (including both the fossil and biogenic components). This information can be used, e.g., for analysis of different sector emission shares for urban and rural locations, or for different countries, and to compare to the sector composition of total column measurements performed e.g. by satellites. However, it is 25 important to mention that the assignment of sectorial information per gridcell and the calculation of emission ratios of co-emitted pollutants are subject to high uncertainty, including both the uncertainty about co-emission and the one related with the quality of the spatial allocation in the gridmaps. As the total emissions of the different pollutants show different trends over the past, it is expected that these sector shares change with time. The 30 scatter plots shown in Fig. 12 show the trends of emission sector shares over the considered 5-year time step (2007) (2008) (2009) (2010) (2011) (2012) . In regions with relatively small trends, sector specific emission shares can be safely used also for other years. The 1:1 line indicates no change between the share of each specific sector and cell between the two years; in addition the ±20% deviation from the 1:1 line is reported. Deviations from the 1:1 line can be due to large change in the 35 emissions of specific sectors and/or to a change in the proxy data used for the spatial distribution. It is worth to mention that ratios deviating from 1 can represent a real change in that sector share, but they can also reflect a change in the shares of the other sectors due to their complementarity. The scatter plots represented in Fig. 12 show similar patterns as for CO2 also for all other, in 20 particular for the energy and industrial sectors. When a single country is characterized by a significant change between 2007 and 2012, this is represented by a curved line in the scatters (e.g. in the SO2 industry scatter plot the lower curved line represents a change in Turkey, or the upper curve in the NOx residential scatter reflects an increase in 2012 for Kazakhstan). Here, we do not aim at addressing all the changes of the sector shares observed at gridcell 25 level representing anyway a minority of the analyzed points. However, we want to highlight that for some countries significant differences might happen even from one year to another for specific sectors, and so an annual reporting of their emissions should be recommended to track peculiar changes.
Maps in Figs. 13 and 14 represent the relative sector contribution of SO2 and NOx in 2012, 30 while maps of Figs. S6 and S7 of the Supplementary Material are related to the sector shares of CO and PM2.5. Considering SO2 and NOx emission shares, the energy sector is characterized by high emitting point sources in all world regions. On the other hand, the industrial sector is characterized by high emitting point sources over emerging economies and lower shares over USA and Europe, but also by flaring activities in the Northern Sea or 35 around the Western coast of Africa. NOx emitted by the transport sector is contributing for more than 50% over industrialized areas like USA, Europe and Australia, with 100% contribution over the sea due to the emissions of international shipping and aviation (this feature is common for all pollutants). The residential sector shows the largest shares over China, Africa and India (more than 50% relative contribution) for SO2 (but also for CO and 40 PM2.5 as shown in Figs agricultural sector is a dominant source in some areas of Northern Africa, Australia and mainly in Latin America (Argentina and Brazil). but red bubbles, representing growing emitting points. NOx and CO2 maps are quite similar (Figs.15a and 15b ), meaning that coherent trends are observed for the two pollutants. However, some differences can be observed over North America characterized by a decreasing trend in NOx emissions mainly from the transport sector counterbalanced by a relatively stable fuel consumption (no significant trend is observed for CO2 between 2007 and 25 2012).
Hot spots evolution over time
SO2 emissions (Fig. 15c) generally decreased from 2007 to 2012 in industrialized countries (e.g. North America and Europe) mainly due to the deployment of lower sulphur content fuels and technologies cleaning-up fuels cleaner (including deSOx). However, some red hot spots can be found in Central-Eastern Europe due to the larger deployment of low-grade coal and in 30
Mexico. Ship tracks along the American coasts and across the Atlantic Ocean are often red representing increased shipping activity in this area (IEA reports the increase of diesel and heavy residual oils as fuels in this sector by USA). Quite some hot spots are observed over the Arabian Peninsula, Iraq, etc. due to the larger deployment of diesel and heavy residual fuel oil for public electricity generation and the use of coal in the industrial sector. 35 CO and PM2.5 emission trends (refer to Figs. S8a-b) are mostly stable or decreasing over industrialized regions because of the higher energy efficiency technologies. Strong decreases are observed over Spain and Greece due to the economic recession, consistently with Fig.15a . On the contrary, emerging economies like India and China are characterized by increasing trend of CO and PM2. 
Conclusion and outlook
This study builds on a previous study presented EDGAR v4.3.2 results for CO2 and other GHGs . In this work, we document the scientific global emission inventory EDGAR v4.3.2 to provide a consistently compiled and comprehensive dataset of anthropogenic emissions of gaseous and particulate air pollutants (SO2, NOx, CO, 5 NMVOC, NH3, PM10, PM2.5, BC, OC) over the time period 1970-2012 (with annual and monthly resolution) and spatially disaggregated gridmaps with 0.1x0.1 resolution. A strength of EDGAR v4.3.2 is that the bottom-up emissions calculation methodology is consistently applied for all world countries, in a sectorial structure also used to compute greenhouse gases by IPCC, allowing consistent co-benefit analysis of GHG emission 10 reduction strategies to air pollutants. In addition to the emission time series, we provide emissions per capita and per GDP, as well as implied EFs (emissions per unit of energy or product) to allow further analysis of efficiency and comparability between countries. We find that the calculated implied EFs are higher for low income compared to high-income countries, but overall they were decreasing from 1970 to 2012. In addition, we present emission ratios of 15 co-emitted pollutants, in particular CO, NOx and SO2 to CO2. We do hope that the combination of this emission information with atmospheric observations (in-site or spaceborne) can further improve our understanding of the emissions and the driving human activities. The analysis of emission hot spots using the gridded emissions identifies a growing amount of high-emitting areas (China, India, Middle East and some Southern American 20 countries) in the world, with important implications for global air quality. In contrast, Europe or USA shows rather stable or decreasing emissions. To better constrain emission inventories' estimates with ground-based and satellite measurements we investigated the emission ratios of CO/CO2, NOx/CO2, SO2/CO2 and PM/CO2. Lower emission ratios of each species to CO2 are found in 2012 than in 1970 for most of the sectors due to global development towards clean 25 air technologies, in particular the SO2/CO2 emission ratio shows the largest decrease from 1970 to 2012. We also investigate the sector-specific emission ratios of each pollutant to CO2. The NOx/CO2 ratios are the highest for the power generation sector, due to the high combustion temperatures producing high levels of NOx and low CO, while the PM10/CO2 emission ratio is the largest for the residential sector due to the scarce implementation of 30 abatement measures, lack of strict regulations, low quality fuels used for household purposes and often inefficient combustion processes. Finally, the assessment of the stability of sectorspecific emission shares at grid-cell level over time aims at providing insights to the modelling and satellite communities on the sector disaggregated gridded emissions to be applied at bulk composition of the atmosphere. Atmos. Chem. Phys., 17, 12597-12616, 10.5194/acp-17-12597-2017 Phys., 17, 12597-12616, 10.5194/acp-17-12597- , 2017 .
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